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Background: The aim of this study was to evaluate the genotypic diversity of Mycobacterium
tuberculosis strains using IS6110 RFLP, spoligotyping and MIRU-VNTR typing.
Materials and methods: Between June 2008 and June 2009, all smear positive pulmonary spec-
imens were collected prospectively at the national tuberculosis program (NTP) center of
Duhok province. The specimens were processed for culture by modified Petroff’s method
and were inoculated into two tubes of Lo¨wenstein-Jensen (LJ) media. The isolates were
identified as M. tuberculosis by using biochemical tests and growth rate. Molecular finger-
printing of all M. tuberculosis strains was performed by IS6110 RFLP, spoligotyping and
MIRU-VNTR.
Results: M. tuberculosis strains were isolated from 53 Iraqi patients with pulmonary TB.
Spoligotyping of M. tuberculosis isolates showed T family (30%) as the predominant geno-
type. By using the three molecular techniques, there were four spoligotyping clusters of
strains (‘‘3540 & 3516’’, ‘‘3565 & 3563’’, ‘‘3605 & 3618’’ and ‘‘865, 877 & 13811’’). Complete
concordance with RFLP was observed in one cluster of spoligotyping, but no concordance
with MIRU-VNTR profile (234426153433 and 236424183433).
Conclusions: Molecular fingerprinting methods are vital for differentiating a reactivation of
latent infection from a recent transmission; however, it should be coupled with clinical
epidemiological investigation. The low clustering rate in this study suggests that either reac-
tivation of latent infections may be the main driving force for the endemic situation of the
disease in Duhok, or itmay indicate that a big circle of TB transmission ismissed in the com-
munity, which means effective control measures have not been achieved yet in Duhok.
 2012 Asian-African Society for Mycobacteriology. All rights reserved.Introduction
Iraq is one of the countries in the WHO Eastern Mediterra-
nean Region (WHO-EMR) with estimated relatively high tuber-
culosis (TB) incidence rate (56/100,000). Although, the directly
observed therapy (DOTS) strategy has been adopted in Iraq
since 1998—except for the three northern Iraq provinces of
Duhok, Erbil and Sulaimani, which implemented DOTS in
2001—the case detection rate (CDR) is low (45%) for all new
cases [1]. This may be attributed to the unstable situation in-African Society for Myco
(M.A. Merza).the society, low socio-economic status, and unsatisfactory
treatment. Furthermore, the TB burden may be an underesti-
mated figure as many cases in the country go unreported. All
data indicate the necessity to strengthen TB control measures
in Iraq in terms of improving detection, providing adequate
therapy and increasing education of TB epidemiology to
better understand the transmission patterns of the disease.
Hence, the present study was conducted in Duhok, Iraq.
Recently, TB has been intensely studied because of its resur-
gence and the emergence of drug-resistance, particularlybacteriology. All rights reserved.
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culosis strains resistant to at least isoniazid (INH) and rifampi-
cin (RMP) [2]. Hence, the molecular epidemiological studies
have been widely used to characterize the main causative
agent of TB, M. tuberculosis, in order to better understand
the origin and prorogation of the disease in a specific location
[3]. The first effective genotyping technique, IS6110 RFLP, has
gained recognition as the international standard for epidemi-
ological typing of M. tuberculosis strains [4]. Recently, spoligo-
typing, a highly polymorphic direct repeat (DR) locus in the
mycobacterium tuberculosis (MTB) genome has been used
to provide epidemiological information to identify strains
[5]. More recently, mycobacterial interspersed repetitive
units-variable number of tandem repeats (MIRU-VNTR) anal-
ysis has been established to track epidemic strains [6].
The aim of this study was to evaluate the genotypic diver-
sity of M. tuberculosis strains using IS6110 RFLP, spoligotyping
and MIRU-VNTR typing.Materials and methods
Specimen collection
All smear positive pulmonary specimens were collected be-
tween June 2008 and June 2009 at the NTP center of Duhok
province – Iraq. Sampling was deemed to be representative
at the province level, as all TB cases had attended directly
or had been referred from other health centers to the Duhok
NTP. Classical epidemiology data were collected by using
standard questionnaires. Information was obtained on sex,
age, country of birth, recent smear positivity, previous history
of TB, and present address. The specimens were shipped to
the Mycobacteriology Research Center (MRC), National
Research Institute of Tuberculosis and Lung Diseases
(NRITLD), Tehran, Iran, for conventional and molecular
investigations.
Isolation of M. tuberculosis
The pulmonary specimens were processed for culture by
digestion, decontamination and concentration following
modified Petroff’s method and were inoculated into two tubes
of LJ media. The slants were examined for growth once
weekly up to 8 weeks. The isolates were identified asM. tuber-
culosis by using biochemical tests, including production of
niacin, catalase activity, nitrate reduction, pigment produc-
tion and growth rate [7].
DNA fingerprinting
IS6110-RFLP typing
DNA extraction, digestion and southern blotting were per-
formed by standard protocols [8,9]; 5–10 nanograms (ng) of
chromosomal DNA were digested with 2 units/microliter (ll)
of PVUII (Proteus vulgaris) restriction enzyme and were hybrid-
ized with 10 ll of probe which was prepared from a 245 bp
polymerase chain reaction (PCR) product of IS6110.Spoligotyping
The method was performed as previously described by
Kamerbeek et al. [5]. In brief, the direct repeat (DR) region
was amplified by PCR using primers derived from the DR se-
quence. The amplified DNA was hybridized to a set of 43
immobilized oligonucleotides derived from the spacer se-
quences of M. tuberculosis H37RV by reverse line blotting.
MIRU-VNTR typing
The original 12 MIRU-VNTR loci (MIRU-02, -04, -10, -16, -20,
-23, -24, -26, -27, -31, -39, -40) of the isolates were genotyped
by PCR amplification as designated by Supply et al. [6,10].
Statistical analysis
The spoligotyping results were compared with those in the
international SpolDB4 database [11] and further analyzed
with ‘Spotclust’, using a mixture model built on the SpolDB3
database [12]. Thereafter, the spoligotypes were assigned to
families and subfamilies. The rate of diversity was calculated
by dividing the number of spoligotypes by the total number of
isolates found. The MIRU-VNTR results were analyzed by
using the MIRU-VNTR Plus database [13]. A dendrogram was
generated by the hierarchic unweighted pair group method
analysis (UPGMA) clustering algorithm. (The UPGMAwas used
because the distance between two clusters was calculated as
the average distance between all pairs of objects in two differ-
ent clusters.)
Results
Study population
In total, 86 smear positive pulmonary specimens taken
between June 2008 and June 2009 were included. Out of 86 pa-
tients, 30 specimens (34.9%) were excluded because they were
either culture negative or had culture contamination. In addi-
tion, another three specimens (3.5%) were excluded because
their cultures were mycobacteria other than TB (MOTT). The
study therefore consisted of 53 culture positive patients.
RFLP analysis
Using IS6110 as a probe, 50 of 53 (94.3%)M. tuberculosis isolates
yielded positive RFLP results. The IS6110 fingerprint patternsFig. 1 – Number of IS6110 bands in the chromosome of M.
tuberculosis strains in Duhok, Iraq.
Fig. 2 – Dendrogram of the 50 M. tuberculosis strains, spoligotypes, 12 loci MIRU-VNTR, and IS6110 RFLP. The strains
genotypes are ordered based on spoligotyping and MIRU-VNTR pattern similarity.
I n t e r n a t i o n a l J o u r n a l o f M y c o b a c t e r i o l o g y 1 ( 2 0 1 2 ) 1 3 –2 0 15generated were highly variable. The number of IS6110 copies
per strain varied from 1 to 16 (Fig. 1). The average copy
number of IS6110 per strain was 8.36. Of IS6110 fingerprint
patterns observed, 48 (96%) were unique, indicating epidemi-
ological independence and two strains (3565 and 3563) (4%)
were clustered in one group with identical IS6110 RFLP pat-
terns, presumably representing cases of recent transmission
(Fig. 2). Of 50 isolates, 6 (12%) strains presented IS6110 RFLP
patterns with five bands or fewer.
Spoligotyping
Using spoligotyping, 50 of 53 (94.3%) M. tuberculosis isolates
yielded positive spoligotyping patterns. The spoligopattern
of all the isolates were compared with SpolDB4 [11] to deter-
mine whether each pattern had been previously reported.
There were no isolates with spoligotypes matching the
SpolDB4. All isolates were considered orphan. When the data
were analyzed by using spotclust (online software), a mixture
model was built on the SpolDB3 database [12]. The TB isolates
were classified into seven major clades with sub clades (Table
1, Fig. 2). The spotclust assigned the orphans to be variants of
major clades and thus reduced the number of orphans to 0.
Three families, i.e., T, CAS and Haarlem, were the most preva-
lent spoligotypes in this study (Table 1). T clade was the most
predominant genotype (15, 30%) in Duhok region. In the stud-
ied population, there were four genotypic clusters of identical
spoligotypes. Three clusters contained two isolates (two clus-ters of CAS family and one cluster of Haarlem3 family) and
one cluster contained three isolates (T3 family) (Table 1). All
other 41 TB patients had an isolate with a unique spoligotype
pattern. The diversity of the cluster identified was 0.08 (diver-
sity = the number of STs divided by the total number of iso-
lates found, i.e., 4 of 50; 0.08).
MIRU-VNTR profile
Fifty-three samples (100%) showed amplification products of
all MIRU-VNTR loci, and all of them showed differences in at
least one locus (Fig. 2). All the 53 specimens had a unique pro-
file, and there was no reported cluster. The various molecular
markers showed different degrees of polymorphism, i.e., low,
intermediate and high polymorphism. The discriminatory
index in the five loci (MIRU-2, -4, -20, -24 and -27) showed poor
discriminatory power (Hunter Gaston Discriminatory Index
[HGDI] <0.3). Three loci (MIRU-23, -31 and -39) were dispersed
to discriminate the isolates moderately (0.3 6 HGDI 6 0.6).
Lastly, four loci (MIRU-10, -16, -26 and-40) were highly discrim-
inated (HGDI >0.6) (Table 2).
Genetic relationships of M. tuberculosis isolates
The result of the analyzed M. tuberculosis isolates from Duhok
province can best be viewed in a dendrogram, such as that in
Fig. 2. The figure shows the fingerprint obtained in spoligotyp-
ing on the basis of MIRU-VNTR and RFLP pattern. Basically,
Table 1 – Octal value and family names of the spoligotypes isolated from Iraqi patients.
Isolate No. Octal value Pattern of spoligotype M. tuberculosis family No. (%) (total No. = 50)
3540 703727740003771 Cluster CAS 12 (24%)
3516 703727740003771 CAS
3565 503727740003771 Cluster CAS
3563 503727740003771 CAS
16365 701767400003771 Unique CAS
3659 503767400005771 Unique CAS
870 501767400013171 Unique CAS
3649 503767740002771 Unique CAS
3520 503727400001771 Unique CAS
880 503167740013761 Unique CAS
876 501767400010440 Unique CAS
878 501767400010161 Unique CAS
3512 543753737740771 Unique T1 15 (30%)
3405 747727537740771 Unique T1
5591 777777777740771 Unique T1
3531 747727777740771 Unique T1
3403 407627537740771 Unique T1
19424 547367537740771 Unique T1
3648 747767777740771 Unique T1
3404 447727537740771 Unique T1
5592 777777777770771 Unique T1
3652 747757711740771 Unique T1
3547 500603437770711 Unique T1
5597 746323537740771 Unique T1
865 770000003770711 Cluster T3
877 770000003770711 T3
13811 770000003770711 T3
19419 547367530000771 Unique Haarlem1 9 (18%)
19422 747767654000771 Unique Haarlem1
874 546321640000740 Unique Haarlem1
5594 746367534000771 Unique Haarlem1
3605 747767777700771 Cluster Haarlem3
3618 747767777700771 Haarlem3
3517 547727737700771 Unique Haarlem3
3694 547767737400771 Unique Haarlem3
3477 547727437600771 Unique Haarlem3
5589 006223537740751 Unique S 7 (14%)
19425 746367537740751 Unique S
3586 546363537740771 Unique S
5590 746363537740771 Unique S
875 546363657740751 Unique S
872 544321617600740 Unique S
19418 746327034740771 Unique S
3562 547737777603771 Unique Family33 5 (10%)
3525 555767437610771 Unique Family33
16368 746767435650171 Unique Family33
5588 577727735650731 Unique Family33
16367 777727735650731 Unique Family33
867 000000001770711 Unique Family36 1 (2%)
3604 547727737400771 Unique EAI5 1 (2%)
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3516’’, ‘‘3565 & 3563’’, ‘‘3605 & 3618’’ and ‘‘865, 877 & 13811’’).
Complete concordance with RFLP was observed in one spoli-
gotyping cluster (strains 3565 & 3563), but no concordance
with MIRU-VNTR profile (234426153433 and 236424183433).
The two patients in the cluster were relatives who lived in
the same district and who had been diagnosed and treated
in the same Duhok NTP. The remaining three clusters de-
tected by spoligotyping were not confirmed by RFLP and
MIRU-VNTR analysis. The patients in these clusters were
non-relatives and were collected from different districts atdifferent time periods. Overall, among the analyzed strains
in the dendrogram, MIRU-VNTR typing discriminated be-
tween 50 different patterns; in comparison, only 49 different
patterns were obtainedwith IS6110 RFLP and 45 patterns were
obtained with spoligotyping.
Discussion
Overall, Iraq has a higher incidence rate of TB than all neigh-
boring countries, i.e., Syria, Jordan, Iran, Saudi Arabia and
Turkey [1], but knowledge of molecular epidemiology of
Table 2 – Determination of heterogeneity at each MIRU-VNTR locus.
MIRU No. Allele No. Allelic diversity Rank Conclusions
0 1 2 3 4 5 6 7 8
2 53 0.02 11 Poor discriminatory
4 1 3 44 5 0.29 8 Poor discriminatory
10 23 12 6 5 7 0.72 1 High discriminatory
16 6 10 25 12 0.67 3 High discriminatory
20 2 51 0.05 10 Poor discriminatory
23 1 1 18 4 29 0.57 5 Moderate discriminatory
24 53 0.02 11 Poor discriminatory
26 1 4 4 30 9 2 1 2 0.63 4 High discriminatory
27 3 49 1 0.13 9 Poor discriminatory
31 2 39 12 0.39 6 Moderate discriminatory
39 41 12 0.34 7 Moderate discriminatory
40 1 14 22 9 7 0.71 2 High discriminatory
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essential in order to ascertain appropriate treatment strate-
gies. This research appears to be the first insight prospective
study in the region describing the molecular genotyping
(IS6110 RFLP, Spoligotyping and MIRU-VNTR) analysis used
to characterize M. tuberculosis strains isolated from TB pa-
tients in Iraq.
The IS6110-RFLP genotyping of M. tuberculosis isolates was
performed to investigate the usefulness of this method for
epidemiological studies in Duhok province. In the current
study, six M. tuberculosis isolates (12%) with five or fewer
bands of IS6110 RFLP were identified (Fig. 1). This finding is
closer to the incidence of strains with low copy numbers of
IS6110 from patients of some European countries such as
Denmark (11%) [14] and France (8%) [15]. Conversely, the high
frequency of low copy number of IS6110 was more often
found in patients from Asian countries, e.g. Turkey [16], Paki-
stan, India [17], Malaysia [18], Thailand [19] and Vietnam [20].
In this study, although unexpected, there were no M. tubercu-
losis strains with absent IS6110 bands. Several studies from
other countries have reportedM. tuberculosis strains with neg-
ative IS6110 bands in their genome [21–24]. This finding may
be explained as a result of the small sample size in compari-
son with other studies. It was documented by van Soolingen
et al. [25] that a high copy number of IS6110 per strains would
be a sufficient genetic marker for epidemiological studies
without the need for further molecular studies. In the present
study, it was found that the medium average copy number of
IS6110 bands per isolates in Duhok was 8.36, which confirms
the usefulness of this method for epidemiological studies. A
similar study from Iran has shown an average of 11 IS6110
bands per strain among 62 isolates of M. tuberculosis complex
under the study [26]. Therefore, in the current study IS6110
RFLP was an efficient technique to analyze the molecular epi-
demiology ofM. tuberculosis strains; however, other molecular
methods like spoligotyping and MIRU-VNTR have been in-
cluded to better understand the epidemiological situation of
M. tuberculosis in Iraq. There was a high degree of polymor-
phism in the RFLPs of M. tuberculosis isolates in this study. It
is known that the degree of DNA polymorphism depends on
the degree of geographical isolation of a region; more isola-
tion leads to less polymorphism [27] and a higher degree ofdiversity has been observed in regions with mixed popula-
tions [28]. In the present study, 49 patterns from 50M. tubercu-
losis clinical strains were obtained in Duhok. Therefore, 48
isolates (96%) had different patterns, i.e., unique, and only
two patients (4%) showed similar patterns (Fig. 2). The wide
diversity of M. tuberculosis isolates in this study could reflect
the influence of migrations from other parts of Iraq and other
neighboring countries to Kurdistan that occurred during the
last two decades because of political instability of the whole
of Iraq apart from Kurdistan. It has been documented that
M. tuberculosis strains are more related in areas in which they
are highly prevalent, where the rate of transmission is high
[29]. Furthermore, it has been shown that the variability of
IS6110 patterns is low within the endemic region of M. tuber-
culosis strains [29].
In this study spoligotyping was used to characterize iso-
lates from Iraq and to assign them to the major clades based
on SpolDB4.0, the international spoligotype database and the
spotclust software. In the present study, there were only se-
ven spoligopatterns observed among the 50 isolates investi-
gated (Table 1). Generally, spoligotyping demonstrates the
predominance of certain families of M. tuberculosis in specific
locations. In the present study, the T family of M. tuberculosis
was dominant (15, 30%). The same family was reported to be
the most frequent lineage in Iran [30] and Turkey [31]. The
high prevalence of this family in our study is not surprising
since Duhok directly borders Turkey to the north and there
are frequent transborder movements of people on a daily ba-
sis. Gencer and Shinnick [31] had reported the spoligotype
777777777740771 in three patients from Turkey; this pattern
was identified in one strain in our study (Table 1). This fact
confirms that there are some strains of M. tuberculosis circu-
lating between Duhok and Turkey. Further studies and phylo-
geographical interpretation is of great interest to understand
the high prevalence of T family in this geographical location.
The second most frequent genotype in our study was CAS
family (12, 24%). This lineage was shown to be endemic in In-
dia, Sudan and other sub-Saharan countries, Pakistan and
Afghanistan [11,30]. In contrast, CAS family was infrequent
circulating strains in Turkey [30]. The third frequent spoligo-
pattern in our study was Haarlem family (9, 18%). This lineage
was first isolated from a patient living in the Netherlands [23]
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tent in the Caribbean. The family is also prevalent in central
Africa, where it is believed to have been introduced during
the European colonization [32]. Other less common lineages
in this study were S (7, 14%) and F33 (5, 10%). The S family
has been reported in Turkey [16,30,31], which may indicate
that this strain is circulating between Duhok and Turkey.
F33 is found in the USA, India and Russia and parts of Africa
(Egypt and Zambia). F33 has absent spaces 33 and 34 and has
recently been described as belonging to MANU clade [12]. Fi-
nally, it was found that the less frequent genotypes were
EAI and F36 in this study. The EAI lineage is shown to be fre-
quent in South-East Asia, India and East Africa [23]. This fam-
ily is thought to have originated in Asia where TB could have
historically found favorable spreading conditions. F36 has
been found in the USA, and it is an uncommon family [12].
The finding of F33 and F36 in this study was in contrast to
some surrounding countries such as Turkey and Iran [30],
where they did not find these lineages. Hence, these clones
should be further investigated to understand whether they
are deeply rooted or represent recently expanded strains.
Overall, the identified strains in Duhok province have been
found in many different countries, suggesting that these
strains might be circulating worldwide. Furthermore, it was
concluded that there is no predominance of a certain specific
family in Duhok such as has been observed in some Asian
countries like China and Taiwan, where more than 50% of
strains belong to a Beijing family. In the present study, the
finding of identical spoligotypes may be explained by recent
transmission events (Table 1). However, all identified clusters
were not epidemiologically linked by gathered clinical epide-
miological information.
Recently, MIRU-VNTR typing has been accepted as a good
alternative method to IS6110 RFLP technique, and it has pro-
ven to be faster and easier to perform [33]. However, the dis-
crimination power of individual MIRU-VNTR is not equal for
different M. tuberculosis genetic families [34]. Therefore, study
of highly polymorphic MIRU-VNTR loci effectively differenti-
ates strains within highly conserved groups, and it is crucial
for prospective genotyping classification. In the current study,
the allelic diversity of the different MIRU-VNTR loci was cal-
culated between 0.02 and 0.72 (Table 2). Generally speaking,
the highly polymorphic repetitive units have been useful for
classification of M. tuberculosis isolates. In this study, MIRU-
10, -16, -26 and -40 were highly discriminatory to differentiate
M. tuberculosis isolates. The results are consistent with those
reported by Supply et al. [6], who also identified a high degree
of polymorphism among MIRU-10, -16, -26 and -40. In con-
trast, as reported from previous studies [35], MIRU-2, -4, -20,
-24 and -27 were insufficient to classify the isolates in the
study population. In this study, the 12 loci MIRU-VNTR typing
of the 53 M. tuberculosis isolates yielded 53 distinct patterns
with no identified cluster. The high genetic diversity in this
study is consistent with other literature [36,37].
In comparison, using the three molecular techniques
(IS6110 RFLP, spoligotyping and MIRU-VNTR), there were four
clusters by spoligotyping, whereas only one cluster was con-
firmed by IS6110 RFLP. Therefore, spoligotyping overestimated
the number of clustered isolates in this region. It is generally
accepted to request RFLP analysis for isolates that havematched spoligotypes or the MIRU-VNTR pattern [38]. The
confirmed cluster by IS6110 RFLP and spoligotyping contained
two patients. The patients in this cluster were epidemiologi-
cally linked by clinical epidemiological investigation as they
were relatives living in the same district and had been diag-
nosed and treated in the same Duhok NTP. It is worthwhile
to mention that this cluster had a different MIRU-VNTR pro-
file (234426153433 and 236424183433), as the clustering rate
by this method was 0. Occasionally, therefore, MIRU-VNTR
could complicate the identification of sources of infections
by clinical epidemiological investigation and molecular stud-
ies. This could be explained by the finding that the half life of
the stability of the IS6110 banding pattern from TB patients
living in areas of high TB incidence is 8.74 years [39]. However,
the half life of MIRU-VNTR loci have not been reported in the
literature and therefore a shorter half life that resulted in this
different pattern among the identified cluster is expected.
Strikingly, the low rate of clustering in this study may be a re-
sult of a large number of missing cases owing to low CDR.
Additionally, the very low prevalence rate of HIV infection in
this region may be considered as another factor for low clus-
tering. In many researches, it has been documented that HIV
infection might be responsible for high rates of clustering in
different locations [40–42].
In this study, the small sample size is the main limitation.
Another limitation is that no strains from smear negative pul-
monary TB, extra-pulmonary TB, and TB cases from private
sector were included, although the study included almost
all smear positive specimens for 1 year at a governmental
NTP center in Duhok province.
Conclusion
In conclusion, molecular fingerprinting methods are vital for
differentiating a reactivation of latent infection from a recent
transmission; however, it should be coupled with clinical epi-
demiological investigation. The low clustering rate in this
study suggests that reactivation of old latent infections might
be the main driving force for the endemic situation of the dis-
ease in Iraq, particularly Duhok. Furthermore, it indicates
that a large circle of TB transmission might be missed in
the community, which means effective control measures
have not been achieved yet in Duhok province.Conflict of interest statement
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